The rate of oxidation of glucose and alanine at low temperatures by washed cells of psychrotrophic strains of Pseudomonas is related to growth temperature.
MgSO,.7H20, 0.20 g; MnSO4.H20, 0.0061 g; FeSO4.7H20, 0.0150 g; yeast extract, 0.5 g; ethylenediaminetetraacetic acid, 0.6 g; DL-alanine, 2.5 g; and distilled water, 1 liter (adjusted to pH 7.0 with either 1 N NaOH or 1 N HCl), harvested in log phase, and washed. The ability of the washed cells to oxidize alanine at 8 C was tested in a Gilson Differential Respirometer by using a 0.1 M solution of DL-alanine.
Rates of oxidation of DL-alanine at 8 C by washed cells from cultures grown at 8 and 22 C, when measured respirometrically, are shown in Table 1 . The oxidation activity of strains 45, 47, and 70 was the same for cells grown at 8 and 22 C, but the activity of strains 26, 38, and 55, grown at 8 C, is at least four times greater than for the same strains grown at 22 C. All strains tested at 22 C, whether pregrown at 8 or 22 C, showed equally high oxidation. This suggests that for 45, 47, and 70 the psychrotrophic system operates equally well at low and high temperatures within the growth range, but that for 26, 38, and 55 an induction (on growth) period is necessary at the lower temperature before the appropriate system for oxidation of the alanine at that temperature will operate.
A more extended study of the ability of bacteria grown at low and high temperatures to oxidize alanine and glucose over the range of -1 to 33 C was made with the psychrotrophic Pseudomonas 70 and a strain of P. aeruginosa by using a thermal gradient incubator (6) .
Pseudomonas 70 and P. aeruginosa were grown in the alanine medium listed above or in nutrient broth to which 0.5% NaCl and 0.5% glucose had been added at 2 and 22 C and 13 and 37 C, respectively. They were harvested at log phase, and washed cells were added directly to tubes containing indicator, 0.5% NaCl, and substrates, 0.5% glucose and 0.25% alanine, which had been preincubated in the gradient incubator. Glucose oxidation was measured by testing for acid (4) and alanine oxidation by formazan production from 2-(p-iodophenyl) -3-(p-nitrophenyl)-5-phenyl tetrazolium chloride.
The results of the thermal gradient incubator studies are shown in Fig. 1 and 2 for Pseudomonas 70 and P. aeruginosa, respectively. Oxidation of glucose by 22 C-grown cells was increasingly slower than by 2 C-grown cells at temperatures below 10 C. Alanine oxidation only exhibited a difference below 0.4 C. In accordance with the data quoted earlier for strains 45, 47, and 70, there was no difference in the rate of oxidation between cells grown at 2 C or 22 C down to 0.4 C, but below this temperature only 2 C-grown cells showed activity. Oxidation of glucose by P. aeruginosa did not show this type of temperature effect, but cells pregrown at 37 C oxidized glucose more rapidly APPL. MICROBIOL. Time to show measurable oxidation of glucose and alanine at various temperatures by washed cell suspensions of P. aeruginosa pregrown at 13 C (0) and 37C(0). between 6.5 C and 18.6 C. Surprisingly, the alanine oxidation response to P. aeruginosa was very similar to that for Pseudomonas 70.
These results suggest that temperature adaptation is a phenomenon shown by both psychrotrophic and mesophilic bacteria in their appropriate growth range. However, it appears that the effect is more marked in the case of psychrotrophic bacteria. This suggests that it may be necessary for biochemical changes to occur in cells transferring to a significantly lower growth temperature to enable them to metabolize substrate normally.
Previous studies have shown low temperature adaptability, especially with lipid and carbohydrate metabolizing systems, by psychrophiles and mesophiles (1, 5, 7) . A temperaturemediated response affecting protease enzyme synthesis by psychrotrophs has also been reported ( The results reported in this study confirm that amino acid can be rapidly oxidized by psychrotrophic (spoilage) Pseudomonas strains at temperatures at which protein foods are commonly held, and that the rate of oxidation is related to previous growth temperature experience, a phenomenon appearing at higher temperatures of activity in some strains than in others. The observation of a similar temperature response in the case of P. aeruginosa suggests that this is a more general phenomenon involving some component of the system leading to alanine oxidation. Frank et al. (2) reported that growth at 2 and 30 C did not affect the amounts of macromolecules such as ribonucleic and deoxyribonucleic acid and protein synthesized by psychrophilic Pseudomonas. However, this does not rule out the induction of low-temperature enzyme synthesis or permeability changes at lower temperatures, and these seem to present the most likely explanations for the observed phenomena. 
